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ABSTRACT

A cellulose/chitosan hydrogel bead was prepared by extruding and regenerating the
blends from ionic liquid 1-ethyl-3-methylimidazolium acetate ([Emim]Ac) in ethanol.
FT-IR, scanning electron microscopy (SEM) and X-ray powder diffraction techniques were
used to prove the successful blending of both natural polymers (cellulose and chitosan).
Brunauer-Emmet-Teller surface area and pore diameter analysis showed that the beads
were nanoporous with pores measuring from 10 to 20 nm. Batch adsorption experiments
demonstrated that the bead had a maximum adsorption capacity of 40 mg/g for congo
red (CR) dye removal from aqueous solutions, which was more efficient than the most
reported natural biosorbents. The CR adsorption capacity at equilibrium was related to
initial CR concentration, dosage of beads and pH values of the CR solution. When the
initial concentration of CR was 30 mg/L, and the adsorbent dosage was 2.0 g/L, the
equilibrium of adsorption was reached within 115 min with the removal rate of 89.6%.
The Langmuir model represented the adsorption isotherm data and the experimental
results followed a pseudo-second-order rate model, indicating that intraparticle diffusion
dominated the adsorption process. The cellulose/chitosan hydrogel beads can be used as
an efficient adsorbent for dye contaminant removal from wastewater.
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1. Introduction

Dyes and pigments are discharged by many
processes in the textile, printing, rubber, plastic, cos-
metic, leathers, pharmaceutical and food industries.
Consequently, coloured wastewater is generated [1].
Even a small amount of the dye discharged in
wastewater has a serious environmental impact as
well as causing damage to human health [2]. It was

*Corresponding author.

therefore necessary to find an efficient, green and
low-cost method to remove such colouring pollutants
from wastewaters for the sake of environmental pro-
tection. To remove congo red (CR) dye contamination
from effluent, various methods have been tried,
including sonochemical treatment [3], electrochemical
treatment [3,4], photocatalytic oxidation [5,6] and
adsorption [7,8]. However, these technologies vary in
their effectiveness, complexity and environmental
impact [9]. Among them, adsorption technology is a
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more attractive and promising method of dye removal
with advantages of simplicity, easy recovery, effi-
ciency, ready availability and the ability to reuse the
absorbent.

Recently, finding low-cost, effective materials to
remove different colour contaminants has attracted
growing research interest. In particular, eco-friendly,
low-cost, biocompatible agents have attracted the most
attention. Cellulose is considered the most abundant
biopolymer in the world, and is renewable, biocom-
patible and biodegradable. Chitosan, a linear biopoly-
mer of glucosamine, is an effective adsorbent for dyes
and metal ions due to its high content of amino and
hydroxyl functional groups [10]. It is the second most
abundant natural polymer on earth [11] and has been
used in various industries, including: agriculture,
pharmaceuticals, biomedical engineering and environ-
mental protection [12,13]. Chitosan hydrogel beads
have been prepared by lowering the degree of crys-
tallinity by the way of forming a gel for the purpose
of enhancing the adsorption capacity of chitosan.
However, because hydrogel beads were of low
mechanical strength and promoted acidic conditions,
several techniques have been tried to enhance the
commercial application of cellulose/chitosan beads
using chemical cross-linking with cross-linking agents
on their surface. Jin and Bai have investigated the
adsorption capacity of chitosan/polyvinyl alcohol
(PVA) hydrogel beads for lead removal and discov-
ered that the mechanical strength of the hydrogel
beads was improved by blending PVA with the chi-
tosan [14]. Cellulose has special mechanical and physi-
cal characteristics suitable for various uses [15].
Cellulose films and beads have been used to remove
hazardous azo dyes [16,17] and heavy metals [18-21].
Also, cellulose gel shows a good affinity with syn-
thetic polymers, such as cellulose gel-based polymeric
nanocomposites, because of its hydrophobic surface
[22]. Nevertheless, its application has been limited
because of its compact and inactive molecular structure.
It should be modified to improve its hydrophilicity as
an adsorbent to remove dye contaminants. So far,
there has been no report in the literatures about the
preparation of cellulose/chitosan composite bead
and study of the adsorption dye ability for dye
removal.

The objective of this work was to develop a novel
composite absorbent from the two largest natural
resources (a-cellulose and chitosan) with an ionic
liquid as the medium in this study, explore its
adsorption efficiency for CR dye removal on cellu-
lose/chitosan beads and investigate the mechanism
underpinning the adsorption process.
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2. Experimental procedure
2.1. Materials

Chitosan with a molecular mass of 100 kDa and a
degree of deacetylation of 90% derived from crab shells
was/Co. Ltd (Hangzhou, China). Whatman No. 1 filter
paper (Cst #1001055) was obtained from Sigma-Aldrich
(St. Louis, MO, USA). The cellulose samples were pre-
pared by tearing the filter paper into small pieces and
drying them in vacuo at 80°C for around 10 h before use.
CR (AR grade) was provided by Aladdin Chemistry
Reagent Co. Ltd (Shanghai, China) and used without
further purification; 1-ethyl-3-methylimidazolium acet-
ate ([Emim]Ac) with purity >297% was obtained from
Lanzhou Institute of Chemical Physics, (Lanzhou,
China). The herbs Prunus cistena, Momordica grosvenori,
Prunus mume, Polygonum multiflorum thunb and Lonicera
japonica were purchased from Dasenlin Pharmaceutical
Co. (Guangzhou, China).

2.2. Preparation of cellulose/chitosan hydrogel beads

The cellulose/chitosan beads were prepared as
presented in Fig. 1. Filter paper cellulose and chitosan
were dispersed, respectively, in [Emim]Ac in an oil
bath and stirred well at 70°C to form a homogeneous
solution with a concentration of 5% (w/w). The two
solutions were then mixed together with different
mass ratios at 70°C and heated until a yellowish
homogeneous liquid was formed. Using an Eppendorf
5-ml syringe tip, we extruded the mixture in droplet
form, into a coagulating bath of absolute ethanol. We
adjusted the height of the tip during manual operation
to sit approximately 1-2 cm above the fluid surface to
obtain beads which were as spherical as possible. Slow
stirring overnight ensured complete coagulation. The
spherical-shaped beads were collected by filtration
and the filtrate was recycled by distillation under
reduced pressure. The beads were washed and kept in
deionised water to allow solvent exchange and pro-
duce hydrogel beads of cellulose/chitosan composite.
The beads thus obtained were separated from the
water, and then lyophilised until dry. The beads were
stored in a desiccator at 25°C.

2.3. Characterisation of cellulose/chitosan hydrogel beads

Both the specific surface area and pore size of the
cellulose/chitosan hydrogel beads were measured by
Brunauer-Emmet-Teller =~ method. Samples were
freeze-dried before analysis. Data were collected from
pure liquid N, adsorption spectra at —196°C using a
JW-BK222 static nitrogen adsorption analyser [23].
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Fig. 1. Schematic illustration for the preparation of cellulose/chitosan hydrogel beads.

The infrared spectra of the cellulose/chitosan
hydrogel beads, cellulose and chitosan were recorded
using an FT-IR spectrometer (VECTOR 33) with a KBr
pellet.

The X-ray powder diffraction (XRD) patterns of
each raw material and the final product were mea-
sured by diffractometer (D8 ADVANCE) with Cu Ka
X-ray radiation (1 =0.15418 nm) under an accelerating
voltage of 40 kV and a current of 40 mA. The scanning
range was recorded from 5° to 60°, with an increment
26 of 0.02° and 0.2 s per step.

The morphological features, surface characteristics
and cross-sectional shape of the beads were obtained
by SEM.

2.4. Adsorption of CR on cellulose/chitosan hydrogel beads

To prepare the standard curve of CR, absorbance
of the tested samples was determined at CR concen-
trations of 10, 20, 30, 40, 50, 60 and 70 mg/mL by
ultraviolet—visible spectrophotometer (A, = 498 nm).

Batch adsorption of CR on the cellulose/chitosan
hydrogel beads was undertaken at 25°C in a 100-ml
flask, containing 50 ml of CR dye solution of known
pH and concentration and a known mass of wet

beads. The adsorption experiments on the cellu-
lose/chitosan hydrogel beads were completed using a
shaker table at a constant temperature of 25°C. Once
in a while, the absorbance of the supernatant from the
CR was determined by ultraviolet-visible spectropho-
tometer to allow calculation of its concentration.
According to the concentration changes of the CR
solution before and after adsorption, we calculated the
amount of adsorption g; (mg/g) and the percentage
removal of CR dye.

q: = (co —cr)V/M 6))

% CR removal = (cg — ¢t)/co x 100% 2
where ¢y and ¢; (mg/L) denote the initial concentra-
tion and concentration of CR, respectively, at time ¢,
M is the mass of adsorbent (g) and V (1) is the volume
of the CR solution.

2.5. Decolourisation of traditional Chinese medicine (TCM)
aqueous extract using cellulose/chitosan hydrogel beads

Traditional Chinese medicine (TCM) extracts from
P. cistena, M. grosvenori, P. mume, P. multiflorum thunb
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and L. japonica were prepared by refluxing the dried
herbs with water (1:10, g/L) for 3 h at 90-100°C. After
removing the solid residue by filtration, the remaining
aqueous extracts were subjected to decolourisation by
putting the beads into TCM extracts, respectively, with
the dosage of 0.5-g wet bead per 10-ml TCM extract
and shaking at a constant temperature of 30°C.

3. Results and discussion

3.1. Structural properties of cellulose/chitosan hydrogel
beads

To enhance the mechanical strength of the cellu-
lose/chitosan hydrogel beads, cellulose was blended
into the chitosan. As the cellulose content increased,
the shape of the cellulose/chitosan hydrogel beads
became increasingly spherical and showed a denser
structure than that of chitosan beads. However,
increasing the chitosan content made it difficult to
form spherical beads and caused cellulose/chitosan
hydrogel beads to shrink. When the mass ratio of
cellulose and chitosan was 1:1, the shapes and the
mechanical strength of the cellulose/chitosan hydrogel
beads were optimal. The mean size of the cellu-
lose/chitosan hydrogel beads was about 3 mm. The
average adsorption pore size of cellulose/chitosan
hydrogel beads was 15.283 nm, meanwhile, the hydro-
gel bead specific surface area was 2.28377 m?/g.

Fig. 2 shows the FT-IR adsorption spectra of the
composite beads, the cellulose and the chitosan. As
seen from Fig. 2, the characteristic peaks of cellu-
lose/chitosan hydrogel beads corresponded to the
characteristic peaks of cellulose and chitosan, it
showed that the adsorption capacity of cellulose and

C
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Fig. 2. FT-IR spectrum of: (a) cellulose/chitosan hydrogel
beads, (b) cellulose powder and (c) chitosan powder.
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chitosan remained. Cellulose/chitosan hydrogel beads,
compared to the spectra of chitosan and cellulose, had
an adsorption peak at 3,446 cm™' which was signifi-
cantly broadened: this was attributed to cross-linking
between the hydroxyl groups of both cellulose and
chitosan through hydrogen bonding. At 1,638 and
1,639 cm ™! bands indicative of the differences between
chitosan and cellulose peaks were found: this was
ascribed to a carbonyl group (amide I) and the N-H
groups in the chitosan, respectively. For the cellu-
lose/chitosan hydrogel beads, these two bands
merged and shifted to 1,652 cm™'. This indicated that
the N-H groups of chitosan and their carbonyl groups
interacted, thus proving that intermolecular interac-
tions between cellulose and chitosan existed. There-
fore, it can be concluded that the structure of cellulose
and chitosan remained to a great extent; on the other
hand, chemical cross-linking made a more stable
structure therewith.

The XRD profiles of hydrogel beads are shown in
Fig. 3. The characteristic reflections at 26 = 14.9° and
22.8° indicated that the cellulose crystals were of the
cellulose I type. The characteristic diffraction peak of
chitosan at 26 =10.7° and 20.0°. The diffracted inten-
sity of the cellulose/chitosan hydrogel beads at
26 =20.0° decreased and there was no peak at 10.7°.
These results indicated that the crystal form of cellu-
lose 1 was disrupted. It was because intermolecular
and intramolecular hydrogen bonds of cellulose and
chitosan were destroyed by ionic liquid. The forma-
tion of new hydrogen bond between cellulose and chi-
tosan also lead to the destruction of the degree of
crystallinity. The amorphous region increased after
cellulose and chitosan were mixed.

20.0°
(c)

L/\\ (b)
//j\\‘\ (8. )

10 20 30 40 50 60 70 80

Fig. 3. XRD patterns of (a) cellulose/chitosan hydrogel
beads, (b) cellulose powder and (c) chitosan powder.
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Typical SEM images for cellulose/chitosan
hydrogel beads are shown in Fig. 4(a)-(c). Fig. 4(a)
shows the cellulose/chitosan hydrogel beads (50x
magnification): each bead was coarse, contained deep
surface ravines and had a structure that was easy to
deposit during adsorption. Fig. 4(b) shows the rough,
porous structure of the hydrogel bead surface. The
cross-section of these cellulose/chitosan hydrogel
beads, as shown in Fig. 4(c), further revealed the por-
ous, rough structure. SEM images showed that the
cellulose/chitosan hydrogel bead surface and cross-
sections contained numerous holes and ravine struc-
tures which could provide many adsorption sites: this
allowed fast channel, and CR dye diffusion, into these
internal pores. This then allowed contact with the
adsorption sites.

3.2. Effect of CR concentration

To investigate the effect of the original concentra-
tion of CR on the adsorption capacity of cellulose/chi-
tosan hydrogel beads, four CR concentrations (10, 30,
50 and 70 mg/L), respectively, were selected. Fig. 5(a)

M. Li et al. | Desalination and Water Treatment 57 (2016) 16970-16980

shows that the adsorption rates were initially rapid
because of the number of readily accessible sites: they
subsequently became much slower. The percentage
dye removal increased with increasing contact time
(up to 600 min). As the initial CR concentration
increased from 10 to 70 mg/L, the hydrogel beads
exhibited a rapid decrease in CR removal efficiency
from 92.7 to 46.7%, the equilibrium time, with the use
of hydrogel beads, increased from 160 to 400 min. The
high CR removal efficiency in the initial stages of the
adsorption time corresponded to the large number of
vacant adsorption sites. Initially, it is available for
adsorption; however, because of the repulsive force
between the solution phase and that CR absorbed on
the surface of the hydrogel beads, the remaining avail-
able surface sites became increasingly difficult to
occupy over time.

3.3. Effect of absorbent dosage

The results of CR (30 mg/L) removal at 0.2, 0.5, 1.0
and 2.0 g/L are shown in Fig. 5(b). The per cent CR
removal and adsorption rate increased with an

Fig. 4. SEM image of cellulose/chitosan hydrogel beads: (a) picture of hydrogel beads (50x magnification), (b) surface
structure of hydrogel beads (5,000 magnification) and (c) cross-section of hydrogel beads (20,000x magnification).
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Fig. 5. Effect of (a) initial dye concentration, (b) adsorbent
dosage and (c) initial pH on removal of CR on hydrogel
beads.

increase in the absorbent dosage. For instance, the CR
removal at equilibrium increased from 35.7 to 89.6%
as the cellulose/chitosan hydrogel bead dosage
increased from 0.2 to 2.0 g/L. The equilibrium time
decreased from 550 to 115min as the absorbent
dosage increased. This adsorption process became
easier because of an increase in the number of active
adsorption sites and an increased surface area [24].
The result was consistent with the previous literature
on CR removal [1].
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3.4. Effect of pH

The influence of the original pH value on CR
(30 mg/L) removal by a 1.0 g/L hydrogel bead dose is
shown in Fig. 5(c). The CR removal efficiency was
dependent on the original pH values of the CR dye
solution. The percentage removal of CR decreased
from 83.5 to 20.8% as the pH of the CR solution
increased from 4.0 to 9.5. It was clear that the influ-
ence of pH on adsorption efficiency could be ascribed
to a change in the surface electronic charge of the CR
solution. CR molecules have two sulpho-groups: it
was thus easily ionised in an acidic environment, and
turned into a soluble anion. Then the CR anions can
be easily adsorbed onto the positively charged surface
of the adsorbent in either an acidic or neutral
environment.

3.5. Adsorption kinetics

Several kinetic models were used to explain the
adsorption behaviour including the pseudo-first-order
model [25], pseudo-second-order model [26,27] and
the Elovich and intraparticle diffusion equations. The
pseudo-first-order and pseudo-second-order models
are generally given as Eqs. (3) and (4), respectively:

In(ge — q) = In ge — kat 3)
tgr =1/ (kaq2) + t/qe @

where g. and g; (mg/g) are, respectively, the amount
of CR absorbed on the hydrogel beads at equilibrium
and at time ¢ (min), k; (min™") is the pseudo-first-order
model rate parameter and k, (g/mg/min) is the
pseudo-second-order model rate parameter.

The Elovich expression [28] is:

qr = %[ln(ab) + In £] (5)

where a is the rate constant for the initial adsorption
and b is the rate constant associated with surface
coverage and chemical adsorption activation energy.

The intraparticle diffusion equation identified that
intraparticle diffusion was the sole rate-limiting step
in the adsorption of CR. The intraparticle equation of
Weber and Morris is expressed [29] by:

3 = kit* + ¢ (6)

where k; (mg/g min "®) is the rate parameter for intra-
particle diffusion and ¢; (mg/g) is the intercept.
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Fig. 6 shows the three kinetic models of CR
adsorption on hydrogel beads. The experimental data
and correlation coefficient (R? are summarised in
Table 1. The kinetic data obtained from these three
models are shown in Fig. 6. All linear forms were
indeed linear regardless of initial CR concentrations.
While, according to the values of R* for the three
kinetic models given in Table 1, the experimental
result was better fitted by the pseudo-second-order
model. The calculated g, values were similar to the
experimental values, exhibiting a good linear relation-
ship with a R? of above 0.99. The result therefore sug-
gested that a pseudo-second-order model can
represent the adsorption kinetic mechanism.

Adsorption plots at different initial concentrations
are shown in Fig. 7. The absorption was almost pro-
portional to t*°, but not to t. If the plot of g; vs. t*°
was linear and passing through the origin, then
intraparticle diffusion was the only rate-controlling
step [30]. Fig. 7 shows that the plots of g; vs. t*° were
non-linear, revealing that intraparticle diffusion rate
was not the sole rate-controlling stage during adsorp-
tion. Multi-linearity was observed throughout the plot,
which implied that the adsorption of CR solution on
cellulose/chitosan hydrogel beads was governed by
two steps. The original line segment was ascribed to
CR diffusion in aqueous solution, which was gov-
erned by surface layer diffusion. This was related to
the hydrogel bead structure. Subsequently, CR was
transferred, and was adsorbed onto the inner surface
of the cellulose/chitosan hydrogel beads in a gradual
diffusion stage.

Table 2 shows the calculated values of k; for four
different initial concentrations. The intraparticle diffu-
sion model fitted both the first and second linear
stages.

3.6. Adsorption isotherm study

Both Langmuir and Freundlich isotherms were
used to investigate the interaction between adsorbate
molecular and absorbent surfaces.

The Langmuir isotherm model [29] assumed that
the structure of the absorbent was homogeneous and
was used successfully in monolayer absorption:

C 1 C
. + = )
qe quL

(max

where ¢, (mg/L) is the equilibrium CR concentration,
ge (mg/g) is the equilibrium CR concentration on the
absorbent, gmax is the maximum monolayer coverage
adsorption capacity (mg/g) and K is the Langmuir
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Fig. 6. Linear regressions of kinetic plots: (a) pseudo-
first-order model, (b) pseudo-second-order model and (c)
Elovich equation.

parameter relating to the adsorption energy. The plot
of ce/q, Vvs. ce indicated a linear relationship, g, and
K; can be obtained from the slope 1/gmax and
intercept 1/(q.Ky, thereof.
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Table 1
Kinetic parameters for the adsorption of CR on cellulose/chitosan hydrogel beads
C Pseudo-first-order model Pseudo-second-order model Elovich model
0
(Mg/L)  feexp (MZ/8) fecal (mg/g) Ki (min™") R*  gecq (mg/g) Ko (min™") R*>  a(mg/g) b(mg/g R
10 9.3 8.37 0.019 0.993 10.87 0.0027 0.991 0.705 0.427 0.987
30 22.6 20.31 0.009 0.991 27.03 0.00049 0.993 0.808 0.174 0.981
50 29.7 24.98 0.007 0.986 33.33 0.00039 0.991 1.01 0.144 0.981
70 38.0 29.34 0.004 0.968 40 0.00028 0.995 1.05 0.122 0.983
30 (a) 09 |
= 10mg/L .
* 30mg/L 081
251 4 50 mg/L 0.7 |
v 70 mg/L -
_ 0.6
20 S
) o 054
) 3 S
E LT S 04
5 15 1 VoA “ © -
A 0.3 |
ok ' 0.2
10 1 MO
X . »./././l/'/ 0-1 7‘
P B ) 0.0 : ‘ ‘ ‘ . ‘
. 0 5 10 15 20 25 30 35
3 4 5 6 7 8 9 10 1 12 13 12 15 16 Ce (mg/L)
05 (min®S, (b) 49
Fig. 7. Intraparticle diffusion model for adsorption of CR 35
on hydrogel beads.
3.0 |
Table 2 °
Intraparticle diffusion model for CR adsorption on cellu- _E 25 ]
lose/chitosan hydrogel beads
The whole 2.0 |
processes First stage Second stage
CO (mg/L) ki Rz ki,l R2 ki,Z R2 1.5 4
10 0664 0.984 0750 0.996 0.437 0.994 P 3 ) N 3 4
30 1394 0983 1.712 0995 1.093 0.990 InCe
50 1.630 0980 2.017 0994 1.217 0.940
70 1914 0991 2131 0987 1570 0.982

The Freundlich isotherm model [31] was used to
describe non-ideal adsorption on heterogeneous sur-
faces: it is not limited to monolayer formation. The lin-
earised form of the Freundlich isotherm equation is:

1
In g. = In K¢ +E In c, (8)

where Kg ((mg/g) (L/mg)"/") is the Freundlich
adsorption isotherm coefficient associated with the

Fig. 8. Fit equilibrium data to linear (a) Langmuir isotherm
model and (b) Freundlich model.

Table 3
Adsorption isotherm constants for CR adsorption on cellu-
lose/chitosan hydrogel beads

Freundlich

Langmuir constants constants
TK  Gmax (mg/g) K R? Ke n R?
298 40 025 0974 89 231 0952
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Table 4
gmax Values for the adsorption of CR on different adsorbents
Type of adsorbent Jmax (Mg/g) Refs.
Cellulose/chitosan hydrogel beads 40 This study
Red mud 4.05 [34]
Kaolin 5.44 [23]
Coir pith 6.72 [36]
B-CD polymer 36.20 [35]
Acid-activated red mud 7.08 [37]
Chitosan beads 93.71 [33]
Chitosan/montmorillonite nanocomposite 54.52 [32]
(a) Prunus cistena (b) Momordica grosvenori
(c) Prunus mume (d) Polygonum multiflorum Thunb

(e) Lonicera japonica

Fig. 9. Decolourisation of TCM aqueous extracts by cellulose/chitosan beads. Left: TCM aqueous extract before beads
treatment; right: after treatment.
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extent of the adsorption process and 1/7 is an indica-
tor of the favourability of sorption related to adsorp-
tion intensity. When In g. is plotted against In c., the
constant Ky and indictor n are obtained.

Fig. 8(a) and (b) shows the linearised Langmuir
and Freundlich isotherm plots at 25°C. The corre-
sponding Langmuir and Freundlich isotherm data
calculated from the linear plots are summarised in
Table 3. Comparing the R* values of the linear form
for both isotherm models, it may be seen that the
Langmuir adsorption pattern was more consistent
with the experimental results than the Freundlich iso-
therm. The maximum adsorption amount (§max) of the
hydrogel beads for CR obtained from the Langmuir
equation was 40 mg/g, which was close to the experi-
mental value of 38 mg/g. This proved that the CR
chemical adsorption process was mainly a monolayer
adsorption.

3.7. Comparison with other absorbents

The maximum CR adsorption amount (§max) of
different types of low-cost materials is listed in
Table 4. Cellulose/chitosan hydrogel beads exhibited
a relatively high adsorption capacity compared to
some adsorbents. A higher gmax (5452 mg/g) is
achieved using a chitosan/montmorillonite nanocom-
posite [32], and the adsorption capacity of cellu-
lose/chitosan hydrogel beads was much lower than
that of chitosan beads [33]. Nevertheless, the gmax
values of the cellulose/chitosan hydrogel beads were
higher than those of red mud [34], kaolin [23], B-CD
polymer [35], coir pith [36] and acid-activated red
mud [37]. Therefore, since cellulose/chitosan hydro-
gel beads have comparable adsorption efficiency and
were easy to recycle, they were considered a suitable
adsorbent for CR removal from aqueous solutions. At
the same time, their preparation was simple and
eco-friendly.

3.8. Decolourisation of TCM aqueous extract using
cellulose/chitosan hydrogel beads

Decolourisation of TCM has attracted growing
interest in the pharmaceutical industry because the
pigment not only affects the colour of the product but
also inhibit the efficacy. At present, the general
decolourisation was by column chromatography, the
development of a new method of decolourisation is
very important.

As shown in Fig. 9, the colour degree of P. cistena,
M. grosvenori, P. mume, P. multiflorum thunb and L.
japonica decreased significantly after hydrogel beads
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adsorption, which indicated that the pigment content
was greatly reduced. This was ascribed to the large
amounts of hydroxyl and amino of cellulose and chi-
tosan of hydrogel beads. They can interact with the
coloured impurities contained in the herbal extracts,
and make it wrapped around cellulose and chitosan
with linear molecular structure and then reach the
effect of decolourisation. The numerous holes and
ravine structures contained in cellulose/chitosan
hydrogel bead surface and cross-sections could also
provide many adsorption sites.

4. Conclusions

Cellulose/chitosan hydrogel beads were prepared
by a simple method. They are considered to be an
effective biosorbent for CR dye removal from efflu-
ents. The results showed that the CR dye adsorption
process was related to original CR concentration, the
dosage of cellulose/chitosan hydrogel beads and ini-
tial pH values. The adsorption process followed a
pseudo-second-order model. Intraparticle diffusion
modelling suggested that the adsorption of CR
solution on cellulose/chitosan hydrogel beads was
controlled by two stages and was not simply a rate-
limiting step. The CR adsorption isotherm conforms to
the Langmuir model and the amount of monolayer
adsorption was found to be 40 mg/g at 25°C. There-
fore, cellulose/chitosan hydrogel beads can be consid-
ered an efficient absorbent for CR dye removal from
wastewater.
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